Abstract
INTRODUCTION
Inflammatory bowel disease (IBD), previously considered a Western disease, has recently shown increasing incidence in Asian countries [1] . Previous studies have reported that the incidence of IBD was 3.4 per 100000 in China and 32 per 100000 in South Korea [2, 3] . With the increasing incidence, several differences in epidemiology and phenotypes are being observed between Western and Asian patients with IBD [4] . In Asia, the prevalence of ulcerative colitis is approximately twice that of Crohn's disease (CD) [2] . The use of antibiotics in childhood is known to be a risk factor for the development of IBD; however, this issue is controversial in the East [5] . The differences can be attributed to the complexity of the pathogenesis of IBD. In genetically susceptible hosts, IBD can be caused by a faulty immune response to microbial antigens against environmental stimulus [6] . Although numerous studies have been conducted to clarify the risk factors of IBD, there is still a paucity of evidence and more clinical investigations are needed [7] . The Montreal classification divides CD into three categories according to age at diagnosis: A1 (< 17 years), A2 (17-40 years), and A3 (> 40 years) [8] . More than half of the patients fall into the A2 category. The disease severity and prognosis differ among these groups; however, only a few studies have provided insights into the importance of epidemiological and phenotypical differences in elderly patients. Even less attention has been paid to group A3 as a whole, although elderly patients with CD account for 17%-35% of the total cases [9, 10] . Although the pathogenesis of IBD is multifactorial, more emphasis is placed on environmental causes rather than genetic traits in older generations. Previous studies revealed that an older age at diagnosis was less likely to be associated with a family history of IBD [11, 12] . This phenomenon is also observed in other autoimmune diseases such as systemic lupus erythematosus [13] . In addition, as the incidence and prevalence of older-onset IBD are rapidly increasing, more extensive clinical data on older adults are needed [14] . Therefore, this study aimed to evaluate the epidemiological features of CD, especially in patients in the A3 category, using data from the mandatory national health check-up in Korea. Furthermore, we attempted to investigate any particular differences in environmental risk factors found in Western and other Asian IBD studies.
MATERIALS AND METHODS

Data source
The South Korean National Health Insurance Service (NHIS) covers approximately 97% of the population, whereas the rest is covered by Medical Aid [15] . Therefore, the NHIS database is often used as a concrete data source for epidemiological studies. To access the dataset, the review committee of the National Health Insurance Corporation must approve the study.
A registration program of rare and intractable diseases (RIDs) was established in 2006 to provide medical cost benefits for patients with RIDs such as IBD. To be assigned a special code (V code) in this database, the patient needs to meet certain criteria. For CD, the following criteria must be met, with confirmation by a doctor: (1) Clinical manifestation; (2) Endoscopic or radiological findings; and (3) Pathological findings. More detailed information on data approval and access are provided at http://nhiss.nhis.or.kr/bd/ab/bdaba032eng.do.
Patient identification
Individuals who underwent national health examination in 2009 were screened and followed up until December 2017. According to the definition of the V code and International Classification of Diseases, 10 th revision (ICD-10) codes, patients with newly diagnosed CD were identified and enrolled as the CD patient group and the others as the control group. The registration code in RID is V130, and the ICD-10 code is K50 for CD.
Subjects diagnosed with IBD before the health examination were excluded at baseline, and those diagnosed during the first year of enrollment were also excluded. The incidence rate was calculated as the number of events per 100000 person-years.
To validate the use of the V code and ICD-10 codes as definitions of IBD, the medical records of all patients with IBD at Seoul National University Hospital, a tertiary teaching hospital in South Korea, were retrospectively reviewed. From January 2010 to December 2013, a total of 330 patients with CD were screened. The diagnostic sensitivity of using the V code and ICD-10 codes as definitions was reported as 94.5% (312/330) for CD [16] .
Assessment of risk factors
The study population was subdivided into two groups according to age: the middleaged group (age, 40-64 years) and the elderly group (age, > 65 years). The demographics of the study population were collected from the NHIS database. Information about accompanying diseases was identified using the ICD-10 codes: hypertension (I10-13), diabetes mellitus (E11-14), and dyslipidemia (E78). These definitions of ICD codes have been validated in previous studies [17, 18] . Chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate (eGFR) of < 60 mL/min/1.73 m 2 . Anemia was defined as a serum hemoglobin level of < 12 mg/dL for men and 13 mg/dL for women, in accordance with World Health Organization criteria.
Smoking, alcohol consumption, and physical activity status information were gathered using a self-answered questionnaire. The subjects were categorized into three groups according to smoking behavior: Non-smoker, ex-smoker, and current smoker. Non-smokers were defined as those with a history of smoking < 5 packs. Exsmokers were those with a history of smoking > 5 packs but had already stopped smoking. Current smokers were those with a history of smoking > 5 packs and were still smoking. The subjects were also divided into three groups according to alcohol consumption level: non-drinker (0 g/d), mild drinker (≤ 30 g/d), and heavy drinker (> 30 g/d). Regular exercise was defined as performing high-intensity exercise for > 3 d/wk for at least 30 min or moderate-intensity exercise for > 5 d/wk for at least 20 min.
between continuous variables, and the χ 2 test was used to compare the differences between categorical variables. Continuous variables are provided as means and standard deviations, whereas categorical variables are shown as numbers and percentages. The Cox proportional hazard model was used for the analysis of CD risk factors, and outcomes are expressed as hazard ratios (HRs) with 95%CIs. Age, sex, diabetes, hypertension, smoking, alcohol consumption, regular exercise, body mass index (BMI), anemia, CKD and dyslipidemia were adjusted for in the multivariate analysis model. A P of < 0.05 was set for defining statistical significance. Statistical analysis was performed using SAS version 9.4 (SAS Institute, Cary, NC, United States) and R version 3.2.3 (The R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Demographics
During the mean follow-up period of 7.39 years (7.88 years for the middle-aged group, 6.37 years for the elderly group), a total of 14060821 subjects were screened and 1331 patients with CD were identified (977 in the middle-aged group, 400 in the elderly group).
The baseline demographics of the study population, comparing the CD cohort and the non-CD cohort, are shown in Tables 1 and 2 for the middle-aged group and the elderly group, respectively. The median age of patients with CD in the middle-aged group was 50.0 ± 6.70 years, whereas the median age in the elderly group was 69.92 ± 4.40 years. Male predominance was observed in the middle-aged group. There were statistical differences between the CD cohort and the non-CD cohort in smoking history, dyslipidemia, CKD, BMI, blood pressure, and glucose level in the middleaged group. In addition to the higher CKD incidence in the CD cohort, subjects in the CD cohort were underweight and less likely to have metabolic disease risks (Table 1) . However, in the elderly group, there was no significant sex predominance between the two groups. Subjects in the CD cohort were younger, and only smoking and alcohol consumption status proved to be statistically significant (Table 2) .
Incidence rate of CD according to age
The incidence of CD in the total population was 1.33 per 100000 person-years and that in the elderly group was 1.38 per 100000 person-years ( Figure 1 ). The incidence rate in men varied from 1.73 per 100000 person-years in the 40-44 years age group to 1.38 per 100000 person-years in those older than 65 years. Men in the middle-aged group (40-64 years) had a higher risk than women [adjusted HR (aHR) 1.46, 95%CI: 1.29-1.66]; however, this difference tended to disappear as the age of onset increases.
Lifestyle factors
Smoking: Setting non-smoker as the reference, ex-smokers demonstrated an increased risk of CD in both age groups after adjusting for age and sex (middle age: aHR 1. risk of CD ( Figure 3A) .
CKD:
Patients with CKD in the middle-aged group were more likely to be diagnosed with CD (aHR 1.37, 95%CI: 1.05-1.79); however, in the elderly population, CKD did not prove to have statistical meaning (aHR 0.88, 95%CI: 0.66-1.16) ( Figure 3B ).
Dyslipidemia:
Patients diagnosed with dyslipidemia were less likely to develop CD than the control population, among those aged between 40 and 65 years (aHR 0.81, 95%CI: 0.68-0.96) ( Figure 3C ). Other factors such as income status, diabetes mellitus, fasting glucose levels, hypertension, serum cholesterol and metabolic syndrome were also analyzed and the results are described in Supplementary Table 1 .
DISCUSSION
This study analyzed the characteristics and possible risk factors of late-onset CD using a large nationwide cohort in South Korea. Numerous studies on patients with very early, early-onset, and pediatric CD were previously published in search for possible risk factors; however, relatively less attention has been paid to patients with olderonset CD [19, 20] . Thus, by analyzing patients with CD diagnosed at an age of > 40 years, we aimed to focus on environmental and demographic differences of late-onset CD. Therefore, we arrived at a conclusion that ex-smokers and patients with anemia are at a higher risk of developing CD. On the other hand, alcohol drinking showed a negative association with CD. Particularly for those in the middle-aged group, CKD was a risk factor of CD, whereas obesity, dyslipidemia, and physical activity proved to have a negative correlation with CD.
Previous studies in Korea, China, and Japan showed that CD is more common in men [3, 21, 22] . This is a feature that is not observed in Western countries. This disparate sex difference in incidence rates in the middle-aged population is diminished in the elderly. This can be partly explained by sex hormonal changes. Considering that estrogen has anti-inflammatory and immune-mediating properties and androgen is considered to be an immune suppressor, androgen reduction in elderly men may be associated with decreased incidence in the elderly [23, 24] . Interestingly, whereas other autoimmune diseases such as systemic lupus erythematosus or rheumatoid arthritis have more impact on women of childbearing age, CD has affected more women older than 60 years [24] . A possible explanation for this result is that women of childbearing age may be less affected by CD owing to the protective effect of estrogen. Similarly, the use of oral contraceptives is associated with a reduced risk of IBD [7] . Smoking has been reported to be the best known environmental risk factor for CD; however, the evidence is tangential in Asian populations. A history of smoking was not proven to be a risk factor for CD (odds ratio 1.02) in the Chinese population [21] . Smoking behavior may be more affected by genetic factors and ethnicity [7] . It is interesting to note that in our study, ex-smoking was significantly related to the CD incidence, whereas current smoking failed to show statistical significance. Kondo et al [25] reported that past smoking was a risk factor for CD but active smoking did not demonstrate significance in their case-control study. This may indicate that nonnicotine factors in tobacco smoke pollution are more associated with CD than nicotine itself because the serum nicotine level would be much higher in current smokers than in ex-smokers [25] . Similarly, van der Heide et al [26] observed detrimental effects of passive smoking in the disease course of CD, whereas active smoking had no effect on the outcome. This hypothesis of non-nicotine factors being the culprit should be confirmed in the future by analyzing the multilevel mechanisms of tobacco metabolites.
Previous studies determining the effect of alcohol on IBD reported inconsistent results. Two European cohort studies revealed no association, but a Japanese case- control study demonstrated decreased odds ratio in ever and current alcohol drinkers [25, 27, 28] . Our study suggests the possibility of a negative association between alcohol consumption and older-onset CD. The results may be confounded by other factors, considering the retrospective nature of the study. Moreover, patients or individuals with susceptible traits may avoid alcohol because it may trigger worsening of symptoms [29] . However, such a negative association with alcohol consumption has been noted in other autoimmune diseases such as autoimmune hypothyroidism and rheumatoid arthritis [30, 31] . With respect to the immune system, alcohol acts in a very complicated manner and plays a role in modifying natural killer cell activity and altering cytokine production [30] . Although there is paucity in the understanding of the underlying mechanism, this result of a negative association in older patients with CD may offer a biological plausibility.
The benefits of regular exercise have been studied in several chronic disorders such as dementia, stroke, coronary artery disease, diabetes, skeletal muscle weakening, and psychological illnesses [32, 33] . Previous meta-analyses and sensitivity analyses demonstrated its value in preventing the development of CD [7] . Biological plausibility supports this hypothesis through the mechanism of rescuing defective autophagy and reducing proinflammatory cytokines [34, 35] . However, it was interesting to note that it failed to show statistical significance in the elderly. This result may be partly due to the scarce CD incidence in the elderly population and also because more subjects in the elderly tend to pursue sedentary lifestyles. It may also indicate that various comorbidities may compromise the interpretation of results in the elderly.
IBD involves chronic inflammation in the gut, and its disease activity involves intestinal blood loss. Thus, such association between anemia and IBD is logical and consistent with previous knowledge. However, whether a causal relationship exists remains unanswered. Anemia may be a possible marker in predicting preclinical stage of the disease. In other words, anemia could reflect continuous gut inflammation in the asymptomatic stage. Indeed, several serologic markers such as perinuclear anti-neutrophil cytoplasmic antibody and Escherichia coli outer membrane porin C antibody precede clinical symptoms of CD [36] . Further studies are needed to clarity the causal relationship, yet we can postulate that individuals with severe unexplained anemia should be dealt with caution with the possibility of preclinical gut inflammation of potential progression.
CKD and IBD share a few characteristics. Systemic inflammatory response may play a role in the pathogenesis of both disease entities [17] . Indeed, elevated inflammatory and pro-inflammatory cytokines function as early predictors of renal insufficiency [37] . However, as decline in eGFR is considered a part of the normal aging process, defining CKD as an eGFR of 60 mL/min/1.73 m 2 regardless of age may be misleading [38, 39] . Moreover, phenotypical characteristics vary among different age groups: Glomerulonephritis (15.9%-20.2%) and autosomal dominant polycystic kidney disease (5%-12.6%) are more frequent causes of CKD in the population younger than 65 years old, whereas hypertension (13.9%-20.3%) and atherosclerotic reno-vascular disease (14.8%-21.1%) are more common causes in those older than 65 years [40] . This may explain why only those in the middle-aged group with CKD are at a risk of CD, not those in the elderly group. Epidemiological differences exist and support the hypothesis that CKD is a risk factor only in the population more susceptible to autoimmune diseases, such as those with glomerulonephritis and IBD.
Traditionally, weight loss has been considered a main clinical symptom of CD. Body weight change is also one of the main parameters in assessing CD severity. Similarly, we observed that patients with BMI < 18.5 kg/m 2 were at a higher risk of developing CD. This implies that being underweight may be a preclinical manifestation of CD [41, 42] . To our knowledge, based on a large population based cohort and relatively long follow-up period, we managed to successfully prove decrease in BMI prior to diagnosis in Montreal A3 subjects [42, 43] . A growing awareness implies that a prolonged pre-clinical stage to CD precedes symptomatic disease onset [44] . Furthermore, this may indicate that risk factors for metabolic syndrome are likely to present a negative association with CD. Our study revealed a decrease in HR for CD in those with dyslipidemia. This might suggest the possibility that lower levels of cholesterol, although the types were not specified, and/or triglycerides are possible indicators of preclinical CD. Indeed, previous studies have reported that decreased levels of low-density lipoprotein cholesterol and total cholesterol were observed in the CD population compared with healthy subjects, whereas no significant change was reported with respect to high-density lipoprotein cholesterol and triglycerides [45] . With further studies to strengthen the relationship, a particular change in lipid profiles may reflect unrevealed on-going manifestation of preclinical CD [46] . The strength of this study is that we performed an epidemiological analysis using nationwide population cohort of more than 10 million Koreans to investigate the association between CD incidence and a broad range of factors. Yet, our study has a few limitations. Diagnosis based on ICD-10 codes may lead to misclassification and overlook the disease severity. Thus, we attempted to minimize this error by validating the definitions in a previous study [16] . Moreover, this study is retrospective in nature and factors related to CD may show an association rather than a causal relationship. However, previous studies on possible biological mechanisms may suggest a plausible explanation to support the relationship. Furthermore, this study did not evaluate other controversial risk factors, such as medication (non-steroidal antiinflammatory drugs, oral contraceptive pills, and antibiotics), history of breastfeeding, dietary intake and childhood infection [7] . Moreover, the severity of the CD were not included in the analysis. Since CD is of various phenotypes including penetrating, stricture and so on; further investigation on the disease severity may have revealed further information on the disease phenotype of the Montreal A3 group and the elderly. We also need to mention the relatively long time to disease diagnosis, calling for cautious interpretation in the causality. Future studies are in need to enhance the evidence by investigating the causal relationship, dose-response and other potential risk factors.
As the population becomes older, clinicians may encounter more cases of olderonset IBD in the future. By using a national database, this study demonstrated several potential predictive factors in relation to CD incidence in Asians older than 40 years: Four factors in relation to increased risk (ex-smoking, anemia, CKD, and lower BMI) and three factors in relation to decreased risk (alcohol consumption, physical activity, and dyslipidemia). The association was weaker in the elderly onset CD, except for exsmoker and anemia. We can assume that these two possess stronger association to CD in A3 group. Considering the ethnic and demographic diversity, this study may pave the way for understanding the pathogenesis of IBD in elderly Asians.
ARTICLE HIGHLIGHTS
Research background
The incidence of inflammatory bowel disease (IBD) is increasing worldwide, including in Asia. Crohn's disease (CD) has a high incidence at younger ages, but as the life expectancy increases, people in the Montreal classification A3 category (age over 40), especially the elderly-onset CD, receive greater clinical attention.
Research motivation
Disease phenotypes vary by age of onset, but few studies have investigated epidemiological and phenotypic differences in the older people. Given that environmental factors play a pivotal role in the elderly compared with the young, analyzing the nature and environmental risk factors of elderly CD can provide important information in understanding the multifactorial causes of the IBD.
Research objectives
We aimed to assess the trend and risk factors of middle-age and elderly-onset CD in nationwide population-based cohort study, using the claim data of South Korea.
Research methods
We conducted a retrospective cohort study to evaluate the incidence trends and risk of CD in those over the age of 40 in South Korea. Using both the International Classification of Diseases, 10 th revision and rare, intractable disease registration program codes from National Health 
Research results
Out of 14060821 subjects screened, a total of 1337 cases of newly diagnosed CD was analyzed. During the median follow-up period of 7.4 years, we found that four factors including exsmoking, anemia, chronic kidney disease and lower body mass index were in relation to increased risk of CD and three factors including alcohol consumption, physical activity and dyslipidemia were in relation to decreased risk of CD.
Research conclusions
This study suggests several potential predictive markers associated with CD incidence. Most analyzed factors associated with CD development in the middle-aged and the elderly were found to be less relevant for older people. However, ex-smoking and anemia have proven to be strong associative markers even in the elderly population. We can assume that certain factors interact at the preclinical stage of ongoing inflammation in the IBD pathogenesis, thus careful monitoring of these factors is necessary.
Research perspectives
We hypothesized that certain markers could be particularly associated with elderly-onset CD and conducted a large epidemiological study involving more than 10 million Koreans to investigate a wide range of factors. Based on our findings, we can create grounds for future prospective studies to assess the causal relationship, eventually leading to a better understanding about the pathogenesis of elderly IBDs in Asian population.
